We studied the impact caused by Tomoplagia rudolphi Lutz & Costa Lima (Diptera : Tephritidae) on the architecture, flower production, seed germination and seed viability of its host plant Vernonia polyanthes Less (Asteraceae). We measured the gall influence on the number of lateral shoots, on the production of flower heads and on seed viability. Gall formation induced a significant increase in the number of lateral shoots modifying the host plant normal growth pattern. Galled stems produced an average of 7n3p0n45 shoots, whereas ungalled stems produced 5n6p0n60 shoots. Galling also caused a significant reduction in seed viability. Seeds of galled stems had a total percent seed germination mean of 28n4 %, while seeds of ungalled stems had a mean of 33n8 %. However, flower head production and seed germination velocity were not affected by the gall. This study showed that T. rudolphi galls influence the architecture and seed viability of its host plant.
INTRODUCTION
Consequences of the interactions between herbivores and plants are often contradictory. Herbivore impact upon plants may be harmful (Belsky, 1986 (Belsky, , 1987 or positive (e.g. Hendrix, 1979 ; Whitham et al., 1991) . Some species may present an assemblage of compensatory responses, which range from negative to positive, depending on biotic and abiotic variables. The increase in growth rate, total biomass, and seed production occasionally found in damaged plants has been argued to be an evolved response to herbivory (e.g. Paige and Whitham, 1987) . However, this plant response would probably be more related to a strategy to diminish the impact to injury rather than a strategy to improve fitness and\or productivity after herbivory (Belsky et al., 1993) .
Insect galls develop in the host plant meristematic tissues, where the gall-forming insect modify the tissue growth processes, transforming the attacked cells into gall structure (Rohfritsch and Shorthouse, 1982) . Most galls affect the plants only locally, but in some instances they may have systemic effects (Mani, 1964 ; Fernandes, 1987 ; Larson and Whitham, 1991 ; Fernandes, Souza and Sacchi, 1993) . Gall formation on apical meristems may lead to the activation of dormant meristems, resulting in the development of lateral ramifications affecting secondarily flower and fruit production (Mani, 1964 ; Craig, Price and Itami, 1986) . In some cases stem galls may significantly reduce seed production (Denill, 1985 ; Sacchi et al., 1988 ; Fernandes et al., 1993) .
Preliminary observations of galls induced by Tomoplagia ‡ Offprint requests.
rudolphi Lutz and Costa Lima (Diptera : Tephritidae) on Vernonia polyanthes Less (Asteraceae) indicated that galls may disrupt normal host plant development. Andrade et al. (1995) suggested that branching in galled stems is due to the break down of apical meristems, probably caused by inhibition of apical hormone transfer. This phenomenon causes an increased number of flowers and fruits, resulting in an increase on the reproductive performance of the host plant. Nevertheless, gall growth and maintenance drain host plant resources (Hartnett and Abrahamson, 1979 ; Fernandes and Ribeiro, 1990 ; Fernandes et al., 1993) . Therefore, gall formation could result in the reduction on flower head production and\or decrease seed viability. In this study we describe in detail the gall influence on plant architecture and flower head production. We also investigate whether viability and germination velocity of the seeds produced are influenced by the gall.
MATERIALS AND METHODS

Study system
Vernonia polyanthes is a woody weed species of cultivated and disturbed areas (Leita4 o-Filho, Aranha and Bacchi, 1972) . The tephritid, T. rudolphi, oviposits during JulyAugust in shoot apical meristems. Later, eggs hatch and the larvae feed on cells of the medullar parenchyma. As the larvae develop, gall tissue proliferates surrounding the larvae, resulting in a globulous gall ( et al., 1995 al., , see also Alvarenga, 1959 . The life cycle lasts 45 to 60 d. The galls are rare with low abundance per plant (Fernandes, Neto and Martins, 1988) . Greatest gall abundance occurs between Sep. and Dec., being scarce in the other months.
Study area
Galls were collected at the Campus of the Universidade Federal de Minas Gerais, Belo Horizonte (MG) and Lagoa Santa, in southeastern Brazil during two consecutive flowering periods of V. polyanthes (1991 and 1992) . The campus area has a heterogeneous vegetation with native, introduced, ornamental, and frutiferous plants, and is at 800 m above sea level. The native vegetation is much modified by human disturbances (Fernandes, Neto and Martins, 1988) . Lagoa Santa is located 42 km away from Belo Horizonte at an altitude of 835 m. Samples were taken in pasture areas around Lagoa Santa. The natural floristic composition of Lagoa Santa has also been changed by human activities (see Warming, 1908) . These conditions are ideal for the development of V. polyanthes (Leita4 o-Filho et al., 1972) .
Impact on plant architecture
We measured gall influence on the external morphology of 129 plants of V. polyanthes. The number of lateral shoots were counted on galled stems and on the nearest ungalled stems (see Craig et al., 1986 ; Fernandes and Ribeiro, 1990) (Fig. 1) . As the data were not normally distributed, the Wilcoxon sign-rank tests for the comparisons on the effect of galling on galled and ungalled stems (Zar, 1984) were used. All statistical means are followed by their respective standard errors (p1 s.e.).
Impact on flower production
We verified the influence of galls on the flower head production of 45 plants. All inflorescences of galled stems and nearest ungalled stems were collected and counted. We used Wilcoxon sign-rank tests to test for differences in flower production because the data were not normally distributed (Zar, 1984) .
Impact on seed iability and germination time
The influence of gall formation on seed viability was measured on flower heads produced on galled and on nearest neighbour ungalled stems. Fifty seeds were randomly selected from each stem, weighed and then placed in Petri dishes with filter paper for germination. Seeds were maintained in an incubator at mean temperature of 27p1 mC. Seeds that produced primary roots (2 mm long) were considered viable (Metivier, 1986) . Again, we used the Wilcoxon sign-rank tests to test for differences in seed weight (Zar, 1984) .
The germination of each seed group was monitored daily for 18 d on 19 plants. This is the time period after which the seeds were no longer viable. For statistical analysis, the data were percentage transformed arcsine and then compared by the Wilcoxon sign-rank tests. Moreover, the maximum germination rate (Gmax) was calculated by the ratio between the highest value of daily germination to total number of germinated seeds. This rate describes the maximum proportion of seeds that germinate on a single day (Shipley and Parent, 1991) . The average germination time (t) was evaluated as (see Laboriau, 1983) .
where, ni is number of seeds that germinate in ti time.
RESULTS
Lateral shoot production was significantly increased by gall formation (Wilcoxon l 4n397, n l 129, P 0n001). Galled stems produced an average of 7n3p0n45 shoots, whereas ungalled stems produced 5n6p0n60 shoots. The number of flower heads produced by galled stems showed no difference to ungalled stems (Wilcoxon l 0n937, n l 45, P 0n05). Galled stems produced 295n3p76n1 flower heads, whereas ungalled stems produced 303n5p70n4 flower heads. Therefore, even though galled stems had more lateral shoots, a concomitant increase in flower head production was not observed.
Seeds on galled stems weighed less compared to seeds on ungalled stems (Wilcoxon l 3n270, n l 45, P 0n001). Seeds on galled stems weighed 14n0p1n0 mg, whereas seeds on ungalled stems weighed 15n5p1n1 mg. The total percent seed germination (G %) on galled stems was also statistically smaller than the G % of seeds on ungalled stems (Wilcoxon l 2n090, n l 45, P 0n05). Seeds of galled stems had a G % mean of 28n4 %, while seeds of ungalled stems had a G % mean of 33n8%.
There was no difference between the average germination time (t) and the maximum germination ratio (Gmax) of seeds on galled and ungalled stems (P 0n05). Viable seeds germinated within approximately 7 d with most of the germination occurring between the second and third days of incubation.
DISCUSSION
The galls of T. rudolphi caused significant alterations in the architecture and performance of V. polyanthes. Galled stems produced more lateral shoots than ungalled stems. Gall-forming insects are known to break apical dominance and are thus responsible for an intensive lateral ramification (Fernandes and Ribeiro, 1990 ; Whitham et al., 1991 ; Fernandes et al., 1993) . Several studies suggest that after an attack by herbivores, plants can exhibit an under-, non-or over-compensation pattern of growth (Belsky, 1986 (Belsky, , 1987 Whitham et al., 1991 ; Trlica and Rittenhouse, 1993) . The increase in shoot production may be a response to the gall stablishment (Craig et al., 1986 ; Sacchi et al., 1988 ; Maschinski and Whitham, 1989) , or a generalized tolerance strategy against any kind of natural damage (Fernandes and Ribeiro, 1990 ; Belsky et al., 1993) . Almost all cases of overcompensation result in an increase in the number of modular units after apical bud damage by herbivory. In Jurinea mollis (Asteraceae), removing the apical bud caused an increase in the number of modules per plant, and consequently an increase in the number of ovules per modules . However, the modules produced distally to the galls on galled stems of V. polyanthes produced fewer flower heads than on ungalled stems. Such reduction can be due to the limited resource supply available for reproduction and allocation among more shoots.
The negative impact of gall formation on plant performance was evident on the weight and total percentage germination of seeds. This loss in reproductive potential may be caused by a ' sink effect ' exerted by the gall (Fernandes, 1987 ; Sacchi et al., 1988 ; Larson and Whitham, 1991) . However, a better understanding of the plant response to gall formation and the total carbon balance is necessary to establish how plant resources are reallocated.
Gall formation did not influence the G % or the daily Gmax. This fact demonstrates that galls affect the formation and development of seeds, but once viable they achieve normal phenological behaviour.
In summary, this study demonstrates that T. rudolphi galls caused changes in V. polyanthes architecture and viability, corroborating the hypothesis that galls are plant parasites (Price, Waring and Fernandes, 1986 ; Price, Roininen and Tahvanainen, 1987) . Nevertheless, it cannot be assumed that host plant responses are specific to the herbivores. Apical bud dominance break can be caused by other physical factors, and plants can react in the same way (see Belsky et al., 1993) . Studies on plant responses to gall formation are needed to unravel the mechanisms involved in the impact of herbivores on host plant performance. Modifications on plant development and phenology due to gall establishment are important factors promoting changes in plant population growth (Denill, 1985) .
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